Supplementary Figure 12.
Comparison of the XMCD detected hysteresis on the monolayer with the VSM detected hysteresis on the bulk (same speed is used in both field scan).
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Supplementary Figure 13 .High-resolution XPS C1s and Tb3d 3/2 spectral region of Tb(III)acetate hydrate powders. 
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Supplementary note 1. Synthesis details
Unless stated otherwise, reactions were conducted in flame-dried glassware under an atmosphere of argon using anhydrous solvents (either freshly distilled or passed through activated alumina columns). All commercially obtained reagents were used as received unless otherwise specified.
Synthesis of 4-(ω-undecenyloxy)phthalonitrile (2).
Supporting scheme 1. Synthesis of 2.
To a flask containing 4-hydroxyphthalonitrile (500.0 mg, 3.47 mmol, Aldrich) in DMF (10 ml) was added potassium carbonate (1.15 g, 2.4 equiv) followed by 11-bromo-1-undecene (970 μL, 4.16 mmol, 1.2 equiv, Aldrich). The resulting solution was stirred for 3 h at 80°C. After cooling, the reaction mixture was concentrated under reduced pressure, and then diluted with EtOAc (50 mL) and H2O (40 mL). The layers were separated, and the aqueous layer was extracted with EtOAc (2 x 50 mL). The combined organic layers were then dried over Na2SO4. Evaporation under reduced pressure afforded the crude product, which was further purified by flash chromatography (4:1 Dichloromethane:Hexane) to give 2 (822.0 mg, 80% yield) as a white solid. 1 8 .
Supporting scheme 2. Synthesis of 1.
To The AC susceptibility vs. temperature curves have been analysed with the extended Debye model allowing to extract the relaxation time,  and its distribution width through the empirical parameter,
Supplementary Equation 1
In particular, in zero static field the optimization of the fitting required to consider the presence of a bimodal distribution. 1 Data resulting from this analysis are summarised in the previous plot ( Supplementary Fig. 4) reporting the temperature dependence of the relaxation time for two components as extracted from the fit of the " vs  curves of Supplementary Fig. 3b . Dimension of the symbols used to represents the percentage of the two components extracted per each temperature scan ( Supplementary Fig. 4 ).
The characteristics parameters of the Arrhenius law for the first phase  0 = 5.510
-12 s; k B =811 and for the second one,  0 = 1.5±0.710
-9 s; k B =490K. The last minority phase has been neglected in the description presented in the main text. The dependence of the empirical parameter,  in zero field and for H=5 kOe is reported in Supplementary Fig. 5 S13 8 A comparison between the XPS spectra of bulk TbPc 2 (OC 11 H 21 ) 8 and TbPc 2 (OC 11 H 21 ) 8 @Si monolayer samples is provided in Supplementary Figure 2 .
Supplementary note 4. Additional XPS characterizations and details
Note that for the present Si grafted-layer the Tb3d 3/2 spin-orbit component is the most suited to evaluate Tb concentration and bonding state, since the 3d 5/2 spin-orbit component overlaps with the KVV Auger peak of C while 4d peak of Tb is hidden by the Si2s signal.
The Tb3d 3/2 sensitivity factors was empirically verified from Tb(III)acetate hydrate powder. Here in Supplementary Fig.13 is shown the spectra that were used as calibration references.
Grafting validation XPS tests
In order to rule out any possible physisorption after the rinsing procedure and to demonstrate the covalent anchoring of TbPc 2 (OC 11 H 21 ) 8 Figure 6 ). Moving to a lower concentration the efficiency of the grafting is reduced 2 and the amount of molecules present on the surface decreases slightly as suggested by the decrease in the atomic ratios between the characteristic elements of the double decker and the Si substrate (See Supplementary Table 2 ).
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High resolution N1s spectra of TbPc 2 (OC 11 H 21 ) 8 Calculations were performed adopting the PBE formalism for both exchange and correlation functionals. 3 Closed or open shell approach are adopted depending on the charge state of the double decker system we considered: for a +1 charged system a closed shell is adopted whereas for the neutral bis-phthalocyaninato system an open shell is adopted to take into account the electron multiplicity. The effective core potential (ECP) of Hay and Wadt 4 were used for the yttrium and terbium atoms. The standard all-electron 6-31G** basis was used for all remaining atoms 5 Molecular geometry optimization of stationary points was carried out without symmetry constrains and was based on an analytical gradient minimisation approach. All calculations were performed using NWCHEM code 6 on Linux cluster systems.
Modelled systems.
Simplified model systems constituted by unfunctionalised double-decker complexes were employed. TbPc 2 was simulated by YPc 2 to avoid convergence complication due to the high multiplicity arising from f electrons of the terbium atom. It was demonstrated that the use of an yttrium atom replacing the terbium one in the molecular system does not affect the energy of nitrogen core electrons: parallel electron distribution analyses performed on the neutral and cationic optimised structures of both TbPc 2 and YPc 2 double deckers lead to equal values of the N1s core electron energies (Supplementary Table 3 ).
Supplementary Figure Subsequently, a DFT optimizations were performed to investigate the effect of the surface on both neutral and oxidized double-deckers. Si(100) surface was represented by a cluster of 21 silicon atoms H-terminated with one hydroxyl termination (see Supplementary Fig. 7b ), being this approach better suited than a periodic one to obtain information on core electrons energies.
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Neutral YPc 2 was placed on the surface and the whole system optimized. The analysis of the DFT data excludes significant geometrical changes or charge transfers between neutral YPc 2 and the surface. A unique signal shifted only by +0.1 eV (381.1 eV) is observed (with respect to the vacuum case) for the N1s peak (see Supplementary Fig. 7b ).
In the case of oxidized YPc 2 , the anionic surface oxo-terminated was used to respect the charge neutrality of the whole system. The N1s signal of the oxidized YPc 2 is strongly affected (381.4 eV, E = -2.0 eV) as a consequence of the formation of the ion pair between positive charged double decker and negative charged surface. The N1s signal of the oxidised YPc 2 lies also in this case at higher energy with respect to the neutral double decker, but the difference is reduced (E = 0.3 eV) compared to the systems in vacuum. The energy shift observed on passing from oxidized double decker in vacuum to surface-interacting system is however overestimated in the adopted simulation strategy. This is due to the cluster approach used to model the surface. In a real extended system, the negative charge is dispersed on the surface and the ion pair effects are less relevant. In order to evidence how the cluster approach affects the real distribution of the electron charge on the surface,
we have compared the energy shift of the N1s orbital with respect to the vacuum, as a function of the silicon cluster size. Supplementary Fig. 8 clearly shows that varying the silicon cluster size the energy shift of the N1s electron decreases with respect to the vacuum as expected.
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Supplementary note 6. Details on the XNLD analysis of the orientation of the TbPc 2 (OC 11 H 21 ) 8 
@Si sample
We make the assumption that XAS at Tb M 4,5 edges is completely described in the electric dipole approximation and that the symmetry of the sample is SO(2), i.e. the sample is invariant by any rotation parallel to the normal of the sample surface. From Brouder et al., 7 the two previous assumptions imply that the angular dependence of the cross-section is dichroic for linear polarized light.
If θ is the angle between the linear polarization vector  and the symmetry axis n, then the cross section (see Supplementary Figure 9 ) is given by
where  Parallel is the cross-section measured with  parallel to n (i.e. θ = 0°) and  Perpendicular is the cross-section measured with  perpendicular to n (i.e. θ = 90°)
In the geometry of the present experiments, both n and k, the X-ray propagation vector, lie in the horizontal plane and the angle between n and k is 60°.
In this geometry, we measured cross-sections with  either vertical or horizontal:
Vertical :
In this case, θ = 90° and one gets from Supplementary Eq.2:
Horizontal :
In this case, θ = 30° and one get from Supplementary Eq.2:
Then stating by definition that  XNLD = ( V - H ), one obtains that:
 XNLD = ( V - H ) = 3/4( Perpendicular  Parallel )
The isotropic cross-section for dichroic systems is given by 
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Using these definitions one can extract a percentage of the dichroic contribution with respect to isotropic contribution and compare this result to the one calculated for a flat molecule placed in a lying down configuration and with the one experimentally measured for TbPc 2 unfunctionalised molecules evaporated on gold. 8 From this it is possible to estimate that 50% of the molecules are grafted to the silicon surface bearing the phthalocyaninato ligands parallel to the surface.
Supplementary References.
